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High Throughput Sequencing
Applications

De novo sequencing
Resequencing (SNP discovery)
SNP scoring

Whole-genome mRNA abundance
measurements

Readout for genetic selections or screens




Technology Overview: Polony Amp_lification
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Fluorescent In Situ Sequencing
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Advantages of Polony
Sequencing

Parallel nature

Miniaturization (subpicoliter volumes)

Integrated sample preparation
Goal: 500 million bases per slide




Polony Radius can be as small as 5 microns

At this density, more than 5 million distinguishable
polonies per slide

Single Base Extensions on Gel-Immobilized
Oligonucleotide Templates

Next Fluorescent
Base  pdded fl-dUTP  'MensitY
T 100 +/- 6.0
G 0.59 +/- 0.5
(o 0.58 +/- 0.4
A 0.18 +/- 0.2

Added fl-dGTP

1.5 +/- 1.0
100 +/- 6.2
0.8 +/- 0.3

> 0 6 =

2.4+/- 0.4

Next
Base
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> 0 0
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Added fl-dCTP

Added fl-dATP

Fluorescent
Intensity

0.55 +/- 0.1
0.42 +/- 0.1
100 +/- 5.3
0.30 +/- 0.1

3.4 +/- 0.5
5.6 +/- 0.8
8.8 +/- 0.8

100 +/- 10.8




Incorporated Fluorescence Can be Removed
Using a Modified Nucleotide
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Mean Intensity: 58, 0.5 40, 6.5 0.3, 48 04,43

Polony Template \ \ \ /

[P ] TATTGTTAAAGTGTGTCCTTTGTCGATACTGGTA...5’
s[ P _]ATAACAATTTCACACAGGAAACAGCTATGACCAT

FITC (C) CY3(T)




Sequencing on Polonies

ST30
3P ] TCACGAGT 3 _ TCACGAGT 3 _ TCACGAGT
sL P ] sC P JA s P JAG

Base Added:  (C A G

Sequencing on Polonies
4 5

ST30 ST30 ST30
3P ITCACGAGT 3P JTCACGAGT ;[P ITCACGAGT
s P JAGT s P JAGT s P JAGT

Base Added: [ C A




Sequencing on Polonies
7 8

ST30 ST30 ST30
3PP JTCACGAGT 3P JTCACGAGT [ P |TCACGAGT
s P JAGTG s P JAGTG s P JAGTGC

Base Added: G T C

Sequencing on Polonies
10 11 12

ST30 ST30 ST30
3L P _JTCACGAGT ;[P JTCACGAGT 3P JTCACGAGT
s P JAGTGC s P JAGTGC s P JAGTGCT

Base Added: A G T




Sequencing on Polonies
14

ST30 ST30

3P JTCACGAGT ;[P ITCACGAGT
s P JAGTGCTC s P JAGTGCTCA

Base Added: C A

Remaining Problems

Gel attachment

Calling multiple base runs (context
dependence of fluorophore quantum yield)

Cycle time

Increase sequencing accuracy




Other Applications of Polonies

» Genotyping single molecules
— LOH analysis
— Detecting rare SNPs (1 in 10"3)

» Haplotyping
* Exon Analysis

Direct Molecular Haplotyping
with Polonies

* Determine phasing of SNPs over very long
distances: Genotype (c/a t/g)
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Coamplify Two or More Loci
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Single molecule haplotypes (or RNA) detection:
in situ amplified “polonies” (85% efficiency)




Exon Analysis
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Conclusions

* A large number of DNA template molecules
can be amplified and manipulated in
parallel using polony technology

» The amplified DNA can be extended by
multiple rounds of nucleotide addition to
give sequence information

* Polony technology may prove useful for
genotyping, haplotyping, and exon typing
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Multiple polony DNA polymorphism linkage analysis

When two colored polonies
overlap, the result is additive:

Red + Blue = Purple

=4, DNA (long & doublesiranded)
@ Allele A1 at Locus A
@ Allele B2 at Locus B
::; Forward primers (attached)

«--mm Reverse primers
= (in-solution & fluorescent)

The “Cis-Polony”
Method

Note: colors are false colors

HMS Case 1929, Fig. 5




1 Mb cis-polony DNA polymorphism linkage analysis

1,000,000 basepairs ~= 330y (0.33 nm/bp)
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2 Image Informatics
1. Reject any similarly

, colored polonies closer

together than 1/2 fully
extended molecule length
(eg, 165y cir-to-ctr)

2. Reject any polony
clusters that do not
have exactly 4 members:
+ <4 = shear-damaged
DNA or PCR artefact

+ >4 = random co-

L lpcalization of template
DNA molecules.

Slide area not bearing
ink-jetted primers is:

+ wettable if DNA is
from one patient

Reject

+ non-wettable if DNA is
from multiple patients

LT ]
L = T

o
a®e
]

3. Reject any clusters
where polonies are not

0 t t t within predictable
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millimeters

HMS Case 1929, Fig. 6

Cis-polony mRNA “exon-typing” analysis

exon intron exon 3'-untranslated

intron exon

5'-regulatory

+ A-B-C

(unedited transcript cDNA)
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HMS Case 1929, Fig. 17




Polony Sequencing for SNP screening

Patient

|

Swab buccal cells from mouth

}

Create in vitro genomic library

|

Enrich library using Hybrigel technology

Perform pSeq

1.5 million tag sequences
100,000 SNP (P=99.9%)

15 base additions, 22 incorporation events

CYCLE: 1 23 4367 89 101112 13 14 15

BASEZATACATGACACAGA;:

FITC ( C) Channel CY3 (T ) Channel

Mean Polony Intensity: 39.5 Mean Polony Intensity: 6.5
Polony Template

¥ P T ATTGTTAAAGTGTGTCCTTTGTCGATACTGGTA .5
5 P |ATAACAATTTCACACAGGAAAC




19 base additions, 26 incorporation events

CYCLE: 1 23 456 7 89 1011 12 13 14 15 16 17 18 19

BASE: ATACATGACAC AGATC Accg
FITC ( C ) Channel CY3 (T ) Channel

Mean Polony Intensity: 0.25 Mean Polony Intensity: 48.2

Polony Template

PP T ATTGTTAAAGTGTGTCCTTTGTCGATACTGGTA .8
5[ P |ATAACAATTTCACACAGGAAACAGCT

Polony Amplification

360




Efficiency of Extension Reaction

Error accumulates exponentially with
the number of incorporated bases

Assume reaction goes to 85% completion

After 6 extensions,
(85%)"6 = 38% of the template molecules are extended correctly

The rest of the molecules are “out of phase”

Future Direction

» Demonstrate sequencing out to 20 bases and
determine error rate

» Automate sequencing protocol

* Demonstrate sequencing on polonies < 20
microns

» Demonstrate ability to haplotype alleles >
20kb apart




Primer Extension 26 cycles, 34 Nucleotides

Mean Intensity: 58, 0.5 40,6.5 0.3, 48 04,43

Polony Template \ \ \ /

[P JTATTGTTAAAGTGTGTCCTTTGTCGATACTGGTA...5’
s P _|ATAACAATTTCACACAGGAAACAGCTATGACCAT

FITC (C) CY3(T)




Proof of concept experiment

Locus A polony (85% yield)
@ Locus B polony (81% yield)

@ Loci A+B cis-polony (69%)
(polonies are ~300 p diam)

EcoRlI Cut Site
"

-
Ncol Cut Site
Plasmid DNA Template Double Cut Single Cut

(not drawn to scale) (EcoRI & Ncol) (EcoRl only)

HMS Case 1829, Fig. 3

Single molecule haplotypes (or RNA) detection:
in situ amplified “polonies” (85% efficiency)




Extension estimated to go to 99.8% completion

Extension with Next
uniabeled dTTP Base

T
0 seconds

[+

T
60 seconds

[~

Polymerase Trapping

Fluorescent
Intensity

100 +/- 14.5

1.83 +/- 0.024

1.97 +/- 1.38

1.73 +/- 1.22

Technology Overview: Polony Sequencing
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. Denature DNA

. Anneal universal

sequencing primer

. Add DNA polymerase

and fluorescently labeled
dATP

. Wash

. Scan gel
. Remove fluorescent label

from incorporated base

. Add fluorescently labeled

dCTP

. Wash

. Scan gel

Step 3




High Throughput Sequencing

Millions of DNA fragments

\

Clone

Amplify

\

Sequence

|

Processed




